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In his Presidential Address, which was presented at the Annual General Meeting of the 
Institute held in London on 28 October 1980, Captain R.Maybourn, who was closely 
associated with the Afanhattan voyages through the North West Passage in 1969 and 
1970, traces the development of arctic navigation. Its growing importance for the 
exploitation of the natural resources of the region calls for the solution of unique 
problems arising from the ice conditions in oceanography, naval architecture and 
seamanship. 
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1. INTRODUCTION. Any comment on arctic navigation must be broadly 
based since the ability to conduct voyages in ice-infested waters is 
influenced by many factors. The traditional technique of exploiting open 
channels in the ice is now no longer adequate and there is an increasing 
need for vessels to force ice in order to reach places and to carry Out 
activities well inside the boundaries of the permanent ice cover during 
parts of the year when the sea ice is at its maximum extent. 

The Arctic has no precise boundary but it may be considered variously 
as those areas north of the tree-line, the regions of permafrost, or where 
the average temperature of the warmest Hione is below + 10 °C, all of 
which describe approximately the same area. The Arctic Ocean is by no 
means the coldest place on Earth but it is cold enough, with January 
temperatures averaging in the range — 30 °C to — 35 "OC, In summer, 
temperatures rise to around o °C. 
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The Ocean is very large, about 14 million km?, which is almost two- 
thirds of the total area of the Arctic regions. It is deep, reaching 4500 m 


near the Pole, but it also has extremely large and unusually shallow | 


continental shelves extending, for example, more than 1500 km from 
the mainland in the vicinity of Zemlya Frantsa-losifa. Ice cover at its 
summer minimum is about 5-2 million km’, increasing to about 11-7 
million km? in the winter, by which time it extends to the coasts of 


North America and Asia, into the channels and bays of the Arctic Islands, . 


as far-south as 50° N. at Newfoundland and into the Sea of Okhotsk. 

For most of us our view of Arctic geography has been conditioned by 
Mercator’s projection. A polar projection shows a very different world 
where even in the depth of winter the ice-free waters of the Atlantic and 

the Pacific are only 2400 nautical miles apart and North-West Europe is 
just 3600 miles away from the Alaskan oilfields. The known resources of 
the lands surrounding the Arctic Ocean are immense and much more re- 
mains to be discovered. While the population of Greenland and the 
northern regions of the American continent is sparse, the inhabitants of 
Arctic Russia are, by comparison, fairly numerous, numbering something 
like four million people. Current interest in the Arctic stems from its 
considerable potential wealth, but this was not the case in the past and to 
put this in perspective some comment on the history of arctic navigation 
may be of interest. . 

2. ARCTIC HIsTORY. The climate of the Arctic has varied consider- 
ably and the relatively mild conditions which existed during the years 
AD 800-1000 aided the Viking colonization of Iceland, Greenland and 
Newfoundland, whence the Vikings appear from archaeological evidence 
to have travelled as far north as some of the Canadian Arctic islands. Con- 
tact with Europe was eventually lost, and these colonists may have 
become absorbed into the Eskimo population. 

Interest in a North East Passage as a route to China and India prompted 
voyages by English and Dutch seamen in the mid 1f00s. These did not 
succeed but they led to the establishment of profitable business with 
Russia. The Russians themselves, and notably Peter the Great, mounted 
expeditions in the area to extend their Empire but it was the Swede, 
Nordenskiold, who first completed the transit from west to east in 1878-9. 

Efforts to find a route to the Far East also prompted attempts to find a 
North West Passage, the existence of which was widely believed, based on 
hearsay and charts showing imaginary northern lands with straits trans- 
versing in an east/west direction. Cabot reached Newfoundland in 1497 
and considerable stimulus was provided during the sixteenth and seven- 
tenth centuries by the great English trading houses. Typical of the voyages 
undertaken were Frobisher’s of 1576-8 of which the first was for the 
Muscovy Company and, incredibly, comprised a vessel of 25 tons, another 
of 20 tons andasmall pinnace. Ten years later Davis penetrated to 73° N, 
through the strait now named after him and reported the potential of 


Bafan Bay for whaling. 
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From that time on the history of arctic navigation is the story of such 
famous names as Hudson, Franklin, Ross, Parry and many others. It is an 
astonishing story of bravery and hardship; 
seaworthy vessels: feats of seamanship, 
woven fatally and much too often with 
come to terms with an e 

- from experience, 
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of the Coppermine River on the north 
coast of Canada in 1771 and Mackenzie arrived at the mouth of the 


Mackenzie River where it empties into the Arctic Ocean in 1789. Both 
these areas were revisited by Franklin during the period 1819-27. 
Because of the immense difficulties encountered, interest in the early 
1800s shifted from the North West Passage towards exploiting the huge 
whale population to be found between Greenland and Canada. Experience 
in ice navigation developed rapidly, as did knowledge of how to build and 
equip vessels for operating in such difficult waters. Nevertheless, as 
early as 1742 Parliament offered a number of prizes to encourage voyages 
to find the Passage. The largest, to be paid on proof that a route existed, 
Was-£20000, and Parry qualified for a £5000 prize in 1820 by crossing 
110° W. longitude during his voyages through Lancaster Sound and into 
Viscount Melville Sound. The exploits of this era cannot be dealt with 


adequately ina paragraph or two and deserve to be read in detail. 


Ross’s expedition of 1829— sailed with 1000 days’ rovisions and 
P 9-33 ee 


spent four winters in the Arctic. It identifted the position of the North 
Magnetic Pole and added large stretches of coastline to the charts. His 
ship became icebound and was abandoned, but Ross reached Baffin Bay in 
the ship’s boats and was picked up by a whaler, having lost only three of 
his crew during the expedition. Then in May 1845 began Franklin’s jll- 
fated voyage, and he was last seen in July of that year in the vicinity of 
Lancaster Sound. In 1848 fears for his safety grew and searches were 
started, which continued for eleven years until remains were found in the 
vicinity of King William Island. These searches added greatly to know- 
ledge of the geography of the Arctic and one of them, by McClure during 
1850-4, finally proved the existence of a North West Passage. His 
approach was from the Pacific and the Bering Strait and his exploit earned 
him the £20000 prize, although he lost his ship in the ice in the process. 
Ironically the evidence that the Passage existed was coupled with the 
realization that the ice which infested it rendered it useless as a navigable 
route. Inevitably interest evaporated. 
In 1906 Amundsen completed a three-year voy 
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Passage. The comparable west to east transit was by Sergeant Henry Larsen 
RCMP in the schooner St. Roch, in a two-year voyage completed in 
1944; he made the return voyage the same year ina single season. In 1977 
Willy de Roos navigated the Passage from east to west in the stecl ketch 
Williwaw. The first deep-draughted transit was by HMCS Labrador in 
1954, and in 1958 the US nuclear submarine Nautilus crossed the Arctic 
submerged beneath the ice. 

3. ARCTIC ICE. Except for the last, all these voyages were progressed 
during the short summer navigation season, by using inshore channels as 
they melted or by exploiting open leads formed in the pack by action of 
wind and current. However, any understanding of the potential and limi- 
tations of navigation by modern high-powered vessels within the pack 
requires a detailed knowledge of arctic ice. Its composition, strength 
and movement are extremely complex and not yet fully understood 
although a great deal has been learned in recent years. 

The surface of the sea begins to freeze when its temperature is lowered 
to about — 2 °C. Ice is a poor conductor of heat and, while a layer of ice 
perhaps 10 cm thick can form ina single day in very cold weather, the rate 
of growth decreases rapidly as it thickens, and the maximum thickness 
which unbroken ice is likely to reach is of the order of 2 or 2m. The 
only ice to develop in this manner is to be found in sheltered inlets and 
channels, or offshore in shallow water, and is likely to be ‘Jandfast’ ice, 
large areas of smoeth ice anchored to the shore. Elsewhere wind, wave 
and current action modify the development of ice very considerably. The 
two main phenomena are rafting and ridging. Rafting is the process 
whereby a sheet of ice is forced over another so that its thickness is 
doubled. Ridging occtirs when ice is under pressure and a line of fracture 
occurs, forcing blocks of ice on top of and beneath the ice sheet to form 
ridges. These can occasionally have a height from crest to keel of 50 
metres or more. 

When sea ice first forms its crystals are fresh water, but brine is trapped 
between them and new ice has a high salt content. This brine slowly 
leaches out and any ice which survives into a second year will be com- 
paratively salt-free and by the third year is fresh. This is very significant as 
the strength and hardness of ice increase as it becomes fresher and also as it 
becomes colder.: Multi-year ice is thus very much stronger than a similar 
thickness of first-year ice. ; 

Another factor which has a marked effect on the form and strength of 

‘sea ice is weathering. When ridges are Grst formed the blocks of ice which 
comprise them reflect the thickness, age and salinity of the ice sheet from 
which they come. There is little cohesion between them. Those beneath 
the ice penetrate downwards and are a loose collection at sea temperature, 
haying a mass about seven times that of the ridge above the water so as to 
maintain equilibrium. The upper surface of the ridge experiences meltin 
in the summer season, which both rounds its contours and allows fresh 
melt water to trickle into the crevices where it re-freezes. In time the 
surface of the ridge becomes lower and smoother and it becomes welded 
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Fig. 2. The Manhattan stuck in an old polar floe, McClure Strait 
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into a solid mass of great strength. Ridged ice in this form is a major 
component of large floes, which can be many kilometres across and which 
. oe 


can survive fora number of years. Figures 1 and 2 show typical humocks of: 


old polar ice in McClure Strait; they rise some 2 m above the level of the 
ice sheet. The pack is not solely made up of multi-year ice, however. It is 
fed from new ice formed during the winter, particularly from the East 
Siberian Sea, and also from the numerous leads which form throughout the 
Arctic Ocean. é ; 

Although the area of the pack at its summer minimum is Jess than half 
that of the winter maximum it does not recede to a great distance from 
much of the coast of Russia or Alaska and not at all from the coasts of the 
Canadian Arctic islands and North Greenland. However, the width of the 
inshore navigable waters varies greatly from season to season in any one 
area and sometimes, as off the north coast of Alaska in 1975, does not 
move offshore at all. The major ice movement is due to the Transpolar 
Drift Stream which carries mainly first- and second-year ice from the East 
Siberian Sea across the Pole and down the east coast of Greenland. There 
js a second major feature, however. This is the Beaufort Gyral which is a 
more or less closed clockwise drift between Alaska, Canada and the 
North Pole. The boundaries fluctuate somewhat, but floes can remain 
trapped in this gyral for many years and it contains the oldest and heaviest 
ice in the Arctic. The thickness of the pack has been investigated by many 
expeditions, fom Nansen’s in the Fram (1893-6) to the present day, 
including some which have crossed from one side of the Arctic Ocean to 
the other via the North Pole. There seems to be general agreement that 
as ice moves slowly in the Transpolar Drift Stream over 2 period of 3—4 years 
the major change in thickness arises from increases due to ridging rather 
than to length of exposure to low temperatures. Although considerable 
local variations occur the average thickness of level ice has consistently 
been found to be of the order of 23 m, and 3} m for all ice including 
ridges. Throughout the ocean, ice movement causes open water to occur 
on a significant scale and, although it freezes rapidly in winter, ice 
thicknesses below 30 cm have been recorded on about 5 per cent of 
occasions even in March. 

While the topography of the upper surface is readily apparent and well 
known, the nature of the underwater surface has only become well under- 
stood since the voyages of the nuclear submarines began just over two 
decades ago. To date many thousands of kilometres of traces have been 
taken by upward-looking sonars, some of which have been analysed in 
great detail’. The picture revealed (Fig. 4) is fascinating and, indeed, 
chastening to would be arctic navigators. The encounter rate varies 
considerably, but ice-keels having depths in the range 1om to 30m 
below sea level have been observed at.a rate of between 100 and 206 per 
roo km. One analysis of deep keels (greater than 30 m in depth) showed 
4s ina track of 3907 km, mostly in the range 30-34 m, but one exceeding 
40m. The deepest keel on record is believed to have extended to 47 m 


NO. I PRES] 
below sea Jevel.>*? The un 
variable but it cannot be accu: 
not possible to tell at what an. 
possible to infer that the slo‘ 
Pest a ridge can be very ‘| 
irmec the geographical distri 
smaller in the-Transpolar Drif 
towards Greenland) and num«e: 


ater drift | = | Average mont 
of ice extent oF ice, 


120° i 


*y Nn Hi 
! PNovosibirskiye 2 


ef oy, 
FREost 'y.Ostrova® | 
7 Siberian . § 
Seo 5 
* | 
At: 
F 


? ————-- --440° 


~ @o x ‘ Tuktopoxta¥ 
a axes 
“ x te. 


120% oS 


= J 


Fig. 3. The ‘AL 


The Arctic pack is of sea-wa 
form of ice of land origin is the. 
glaciers of East and, particular]; 
the Grand Banks of Newfoundla 
ation of a: long journey which: | 
Those from East Greenland tr: 


— a 5 ae 


bi bbe T 


17> 


04 , a — Ao spate iy mG So% 


Baexe ai baviode (:qab Mi rd oF eget tSiesiy) eleod qsab Yo slay 4 OD A, 
een, te init gittbesox9 mie dud! 1 ppg Byer silt ni ybreorrt tl Coos low € 
a9, 03 bobootae ad obovate onen fo ) by oF 


7 anual gon do ain 
ets ss eealT. 


eon rivet Celie ri ani Lite te di Ji ngnvene secany Voaeantt bi 
ts ne REL (tere od rant yludthye areslt oyu! lod 


tai sy} yf : : eisicns 31 tea & 6s yee 1G Hes ves els af 


emto2 ot Iovel lo seaetlsiely S967 OVA oid TH320 Eno 18 


| 47 et I2Invioons saiF-, rolgiven obi a0 hlueiw ons 
, ; ~" ii bow ov ‘ ftar op risoit * (61 ne rie é tes 7 grived ssd-49} jod , 
es pt ) 5 } ‘ 


? 
we Bi eee User etd iy > 
; se! 


i 
Wi léstices Gime ® bier geue ( zresi('to ahaa none ia 
r ria f + hla. 
rel ods coo SME sri nit ¢ vodka ssterst sinfD3M of oat 

vi ; ov Ph lo aus ‘inst " holon tose at Poeq oft. “" 
yy eee vis , 1 yiPtubs bem al veo inal 

” latte elnol asovercan ad) moll gal « bets Per spe 


lari! 

pirearviial . di tq Apary orl Jo sie oebediaus 
ip c od si jon « oh 1 murmixeta ramsive gt} : 
won ie’ y wit e2eolA +o aleeall Jo depos sd los 
ive oil weed Deaislosti kde bas obra oA & 
ies von) yliaore esher esiew sidagivedae 
lA? oo ison ont To es womiismaly : 
Ni vom ool ojéent oT [he oe sGdinaam 

oe ce) yieten whe ile ce 

enous Jano old nwob bne slotl ad atovos 
ori HU -9veweod utes wism 
wie) Gale olewted Dinh aziwdavls bas Bes zal 
20 d stalwenion apeisaiull siebovad aft . 


eoy¥n) ovod eft At} 9 i to oes aabaiis aft nar 
cals) ) al 2‘asaneV mon 

fe ty lo obs ano mon! bere sued Hoi vimet: 
Fg T3761 6438 790 Ol ened ont | lod fino aift Gi¥ 

F ? sve mead Tint! vcloq petit il Se it ni ylwola dave 
ig! tS sub messoai ino eseive eesadoide nl “oustarty ut 
NA eoypiersqine wol of s1uROgKe te dignet ow 


“at ani fleadiim ¢ 


boas om he lo sb10 of Yo od 03 hric < 9: 
hIqe 29265 inerasvoR S51 f16S90 ot tiodguond ‘ 
vihhic 1 2an993! 3: tovordals lie ation larnaittoghe 4 

da no bsbioost naad sexe ag woled os 

; AxtcM ab nowt 

ive tone ols oe ydgergaqe: ods ¢ 

id viaw eer soca tei evrishen oly Jo wnutem@oilt vert 

pl conhsmedvs tesfount set lo eipsyov’ ody cane & 


ror lors stsmolld Yo shaawods (nara stab oT ,ogn 


16 (tt) svorl Avitive do sovoe ,eteade ore 


: snimeniseel ai ty it) belesves Alaa | 


Fig th 001 34 begiie li? S36 4 di bsviedo aed saved Lo Sosy: 


Me ower LAY aN Ried nade 
Miaab hie dairigs 


ba Pe ES, 


WOOL: 34 ‘NO, TI 


PRESIDENTIAL ADDRESS 


7 
form ig a major below sea level.23 The underwater profile is irregular and very 
eed which variable but it cannot be accurately identified from so 
pical hnumocks of 


nar traces since it is 
been crossed, However, it is 
st often around 30°, so the 
ubmarine voyages have con- 
ition of ridges as being less frequent and 
ar Drift Stream (but increasing as progress is made 
and numerous and deep in the Beaufort Gyral. 


not possible to tell at What angle a ridge has 
possible to infer that the slope angle is mo 
width of a ridge can be very considerable, S 
"firmed the geographical distribt 


smaller in the Transpo! 
towards Greenland) 


-= the level of the 
e, however. It is 
ly from the East 
m throughout the 


is less than half 
eat distance from 
the coasts of the 
, the width of the 
season in any one 
a 1975, does not 
o the Transpolar 
ice from the East 
reenland. There 
Gvral which is a 
Canada and the 
floes can remain 
Idest and heaviest 
estigated by many 
the present day, 
Arctic Ocean to 
al agreement that 
eriod of 3-4 years 
to ridging rather 
uch considerable 
- has consistently 
all ice including 
n water to occur 
¥ in winter, ice 
ut 5 per cent of 


Average moximum Averoge minimum 

extent of ice extent of ice 

‘ 30° 60° 
USS: Bray eee Lh 


40% 


” 


7 ' 
LE any ! 
oF wil TP Novos. 


t East Mu Ostrove 
“Siberian 
F..' Sea ee 


e 5 th ~ Zemlyo 

allt ps Frortsa~ 

°S>"Qlosita 
< 


. Sr 


Sa 
1 ais 


=e See 
602 Alaska \ Pruoor'ay Seg” 
ve 8B-y Ei 


apparent and well 
come well under- 
an just over two 
traces have been 
been analysed in 
ng and, indeed, 
unter rate varies 
Be tom to 30m 
1199 and 200 per 
jin depth) showed 
but one exceeding 
jextended to 47 m 


—s 


ater origin but a significant, if fairly local, 


e iceberg; most of them originate from the 
glaciers of East and, particularly, West Greenland. T 


heir appearance off 
the Grand Banks of Newfoundland is wel] known, but this js the termin- 


ation of a long journey which for some can be as much as three years, 
Those from East Greenland travel south along the coast, round Cape 


lem yf ghist 


1 pit gierug ty 


% Joo 


ent , 
TATI-M mid 


fyi Tis 


« (eave te ties OF: 


ui te s sud nigit> 1%! 
mite, rte hea gieda9 


Ve taf ne 


sriawogey > boule) Wd iciuslagitxeg bo 
| ni neal Merwe at panibaudlverdi te 
“aya ymor 3 


ie | 


Fs a | 


" of isaitves) 3 


wil sost “ial 


nw-wse | Ww si | ca the 
ots ab.cigiv bret | 


’ OA 


vee dad 


tach here 


pac) FON 


ah ofF 


a 3) Ito 


5 wei te 


ee 


re ee, ee ee 


y 
= 
nak 
say 
= 
4 


8 pRESIDENTIAL ADDRESS VOL 3s NO. I PRES: 
Farewell and then north agair 
West Greenland, particular]; 
as many as 40000 ina year at 
winter in the Labrador Curre 
summer. Some 1000 Cross t 
them reach the Grand Banks 

One other form of ice i 

originates in the ice sheet « 
Island. Large slabs of this ice 
thick. While they are not g: 
large enough to accommods 
the Arctic Ocean for very m; 
often circling in the Beaufor 
4. ARCTIC NAVIGATION- 
shipping has been employec 
voyages in the support of sm 
radar stations throughout tk 
ships in the area is commerc 
Russian waters. 

About two-thirds of the la 
correspondingly high propor 
this amounts to is interesting 
Northern Sea Route in conn 
Between them they contain i 
non-ferrous metals and have 
Soviet deposits of coal. Oil . 
expected that important. re 
shelves of the Kara and Bare 

The American Arctic alsa 
deposits of iron ore exist 01 
been identified on neighbouri 
been made on the Canadian A 
Passage and in latitudes of 7 5° 
Gulf to the Mackenzie Delt: 
important reserves of gas anc 
activity is in Alaska, where 
1968 and found to contain 
reserves of the USA. Many ot 
state; however the main int 
from the mainland, northwa: 

Shipping activity along th 
reflects fifty years or more of 

Soviet Union has the largest a 

world of which sixteen are fe. 

powered and two very pov 
construction for use in the Si 


AN 
UPWARD- LOOKING SIDESC 


ridges 


pressure 


spurious echo 


poltynya 


HORIZONTAL SCALE km : | 
Wadhams and R. T. Lowry, 4th Canadian Symposium on Remote Sensing, Quebec 1977) 


multiple 
echoes 


open 
crack 
“~~ 


ridge 


time pressure 


mark 


U- 

5 
10- 
h= 
ZO 
o— 
i) — 


Fig. 4. Sonar traces of pack-ice (from P. 


RANGE m 


A ie 
} S t y 
i , ate j 
oe 
ip! . : whys 
‘ ©@ 4 i 
3 ( re M4 ~~ 
i ; jek 5 3 i 
J . ' “<*- os eels ‘~e 
ft. P~ 
eee 
° : < igor 
{ ' bans 
a 
ay 
~ ' = 
, gis t 2 
Taree < 
\ veo “i 
= i : e 
; 
Teg - i 0 
" mL { 
oy 
i - 4 & 
: > DAN 
? ate 4 i¢ 
fy . int 
i ae | 
«A e 
a ; ; 
+." ~ 
” | Pre | 
ae ' 4 
i 
} ih 
: Pee: u : 
& : , ; 7 
ia , — Ji M4 a 
, T ] i i ¥ ~ e = 
. Ya Y t # 
pers es . } A i rs 
4 “ ? i - ’ 
Loe a a4 [ H be i , i 
ry é rat 
. o. 4 a 
Bach otis Pere 
3 ayy : * ; is 
; wir amy 
y y ; 
’ Mh ie va* j 
7 ve!" ' “ 
Ps ‘ k : f N on “er a 
‘ =f é ~ Ph 
f Ay caer: ers } 
a iy “Pag (OW. 
! wy, » 4 “ae 
pe.| ~e* ’ 
, a7 = a ome _ 
‘ ” ile 3 : > . 
7 “aed ely iy _ 
Aes 8 * 
‘ Aa \ 
; v age’ £ 2 , 
.* 
t, ty , fj | my ; 
Ae by LA a4 a i if i . ae: eS inde ln Pe iy 
ivitos ooinitnile : ' 
pa . if p> . ; +] ‘ i. 4 P 
>) jem id 


Hh.40 eve Gib ervellon ; 
ah soy ent} aed toivod € bili 
pee nt te ily ¢ bhew ing 
my ova bon Hiwaq : ; eam 

noliginies 


vit ora aod 


# 
S. 
3 
2 


4 


Ye Ae Sonar traces of pack 


Vi 


SP ee et a I IESSSSSSSSSSSTS ~~C~*~a oa a TPIS TOES DELS ES RISE Ne SS a TTS 


NO. 1 PRESIDENTIAL ADDRESS 9 


Farcvell and then north again to join the bergs calved from the glaciers of 
West Greenland, particularly in the Disko region. They nurnber perhaps 
as many as 40000 ina year and cross Baffin Bay to travel south during the 
winter in the Labrador Current, to appear off Newfoundland the following 
summer. Some 1000 cross ie 55° parallel each year and about 400 of 
them reach the Grand Banks. 

One other form of ice is of interest. This is the ice-island which 

originates in the ice sheet covering the north-west coast of Ellesmere 
Island. Large slabs of this ice break off, in pieces sometimes 50m or more 
thick. While they are not generally ae very great area, a few have been 
large enough to accommodate arctic expeditions. They can survive in 
the Arctic Ocean for very many years and can cover very great distances, 
often circling in the Beaufort Gyral. 
4. ARCTIC NAVIGATION—THE PRESENT. While a smal] amount of 
shipping has been employed for a number of years on brief summer 
voyages in the support of small settlements, meteorological stations and 
radar stations throughout the Arctic, the major reason for operating 
ships in the area is commercial and the major activity is to be found in 
Russian waters. 

About two-thirds of the land within the Arctic is in the USSR, with a 
correspondingly high proportion of the known mineral resources. What 
this amounts to is interesting and helps to explain the importance of the 
Northern Sea Route in connecting the four northern regions of Russia. 
Between them they contain important iron ore reserves, ‘they are rich in 
non-ferrous retails and have perhaps one-half of the very large total 
Soviet deposits of coal. Oil and gas are known to exist widely aa it is 
expected that important reserves may be found on the continental 
shelves of the Kara and Barents Sea and of the Far Eastern Region.* 

The American Arctic also contains important mineral Renta Large 
deposits of iron ore exist on Baffin Island and non-ferrous metals have 
been identified on neighbouring islands. Significant finds of oil and gas have 
been made on the Canadian Arctic islands to the north of the North West 
Passage and in latitudes of 75° N. or higher. Further west, from Amundsen 
Gulf to the Mackenzie Delta, a great deal of drilling is taking place and 
important reserves of gas and oil have been discovered. The best known 
activity is in Alaska, where the Prudhoe Bay oilfield was discovered in 
1968 and found to contain over one quarter of the proven crude oil 
reserves of the USA. Many other important mineral resources exist in the 
state; however the main interest is in oil, and exploration is extending 
from the mainland, northwards on the continental shelf. 

Shipping activity along the Northern Sea Route is EBA and 
reflects fifty years or more of Russian experience in ice navigation.” The 
Soviet Union has the largest and most powerful fleet of ice- breakers in the 
world of which sixteen are over 10000 s.h.p. Three of these are nuclear 
powered and two very powerful shallow-draughted vessels are under 
construction for use in the Siberian river estuaries. The number of cargo 
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being done. Only a few years ago the duration of navigation along the 
leng th of the route was about ten w eeks, and not more ton four and a half 
fonts at the western end. Since 1970 efforts have been made to extend 
the navigation season at both ends and the Russians now speak of year- 
round operations. This should be interpreted, perhaps, as an indication 
of intent rather than of what is being achieved, but it seems clear that the 
season, over some parts of the route at least, is now quite long. 

There is little through traffic over the length of the route nor , probably, 
is there any need ear it. The eastern ear to the Kolyma fied (about 
160° E.), is serviced from Vladivostok and the western end, to the 
Yenisey, from Murmansk and Arkhangel’sk. The middle section is 
serviced from either end but mainly from the west. Information available 
for 1978 is of considerable interest. Operations in the Kara Sea started in 
February and illustrated how important it is to utilize the severe environ- 
mental conditions to advantage where possible. By early April ten ships 
had landed 72 000 tonnes of cargo on to the ice, for carriage along a road 


over fast-ice to the shore, in an area inaccessible in the open season because — 


of shoal water. This type of operation is carried out in many locations. 
Shipping was able to enter the Yenisey during June, nearly five months 
after the close of the previous season. Because of severe ice in the Kara Sea, 
convoys were routed to the north of Novaya Zemlya as Jate as September, 
but the route appears to have been kept open at Teast until Februar 
1979. It seems likely that cargo handled between Murmansk arid the 
Yenisey could amount to around three million tonnes a year, with 


exports including a million tonnes of ore.and 600000 tonnes of timber. : 


Trafic along the central section in 1978 was hampered by difficult ice 
in the chnrfical between ‘Taymyr and Severnya Zemlya and two of the 
nuclear ice-breakers were working there in August. No information on 

cargoes carried is available. ede 400000 fortieeof cargo were carried 
along the eastern sector in a relatively short season, the mouth of the 
Kolyma opening in mid July and the last convoy sailing from Anadyr’ on 
the Bering Sea in Jate November. 

Many of these voyages were by ships in convoys operating with ice- 


breakers. While every opportunity is taken to exploit open water in the 


summer season it is clear that parts of the Northern Route are often 
impeded by dificult ice conditions. Beyond the summer season the extent 
and difficulty of the ice-cover increases rapidly and success depends on 
adequate ice-breaker assistance, ice-strengthened vessels and considerable 
experience of ice navigation. An insight into what is possible may be 
gained from a voyage reported laté in 1978. The nuclear ice breaker 
Arktika (23400 tonnes displacement and 75000 s.h.p.), escorting a 
vessel called Lena, left Murmansk on 22 December, in darkness and with 
winter well advanced, for Ostrov Greem-Bell in Zemlya Frantsa-losifa. 
The archipelago, which is in 81° N. latitude, was reached on6 January and 
the operation was concluded by 3 February. Arktika returned to the White 
Sea to help keep Arkhangel’sk open throughout the winter. 
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The situation off the North American continent is very different, as 
there is no comparable pattern of trade and the shipping activity which is 
required is confined to the summer navigation season. This activity is by 
no means insignificant, however, and both Canada and the US have a 
number of ice-breakers, some of which are modern high-powered vessels. 
Until about 1970 Canadian interest in commercial shipping was mainly 
concentrated in the St Lawrence and in Hudson Bay but since then, 
perhaps stimulated by the Afanhattan voyages of 1969 and 1970, there has 
been a recognition that the mineral and hydrocarbon resources of the far 
north are capable of being exploited if shipping suitable for operation over 
a substantial part of the year can be developed. 

The major shipping activity in the north is in support of oil exploration 
and development activities. After oil had been discovered on the coast 
between the Mackenzie Delia and the Tuktoyuktuk Peninsula exploration 
began, and continued offshore in the Beaufort Sea with some success 
although confined to the summer season. Further to the West in Alaska, 
the giant Prudhoe Bay oil-field development posed logistics problems 
which depended on sea transportation for their solution. The coastal 

waters along the whole of the coast from Point Barrow to Amundsen 
Gulf are very shallow and the one deep harbour, at Herschel Island, has 
only 11m water-depth. Cargo is moved in barges drawing not more than 
about 4 m, and some much less. There are two routes, one originating in 
central Canada and using the Hay River and Mackenzie River system, a 
journey of about 3000 km even before the Arctic Ocean is reached. This is 

- a once-a-year voyage which can only begin as the summer thaw develops 
and is a remarkable feat of navigation through uninhabited, difhcult 
country along a river in flood and beset with shallows and numerous 
hazards. 

The second route is very different but equally remarkable.® The 
‘Sealift? to Prudhoe Bay is also a once-a-year. operation which starts in 
Seattle early in June, when a large convoy leaves, to arrive at the edge of 
the ice off Icy Cape (to the south-west of Barrow) late in July. It then 

roceeds north around Point Barrow and on to Prudhoe as the ice 
recedes, The barges are all ‘flat tops’ and many are 120 m long by 30m 
beam, with a cargo capacity of over 10 000 tonnes. The first major convoy 
was in 1970 and comprised 7o vessels in all, carrying 187000 tonnes of 
carso. Navigation is normally possible around Point Barrow early in 

August and the empty barges expect to return south by early September so 


as not to be frozen in. 
Ice conditions, however, are both variable and unpredictable and this 


can raise serious problems, especially as such barges have no ice-breaking 
capability whatsoever. This was the case in 1975 when the pack failed to 
recede from Point Barrow and remained close inshore along the north 


Alaskan coast. The convoy that year comprised 47 barges and tugs and - 


160000 tomes of cargo worth $1200 million. Crucial items were 180 
massive modules comprising living quarters, | oil-flow stations, gas- 
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and other vital equipment. These were : 
hich weighed 1260 tonnes, and man 
o tonnes each. Two were as tall as a seven-storey build- 


separation plant, a power station 
all unit loads, the heaviest of Ww 
weighed over 70 
ing. 

After a normal voyage north Icy Cape was reache 
morth Jater progress was still not possible and heavy storms drove four 
barges ashore; they were only saved with great difficulty. On 2 September 
a narrow navigable channel opened off Point Barrow and ten barges and 
seven tugs passed through before the ice again closed in. The possibility of 
a successful transit for the remainder was seriously in doubt. The pack 
persisted at Point Barrow, frequently moving and under great pressure, 
and contained a high proportion of old polar floes. A decision was taken 
to return south al] barges which could be unloaded in southern Alaskan 
ports, leaving only the large 9000 s.h.p. tugs and 1¢ barges, all of which 
were loaded with the large modules. These were now without insurance 
cover and valued at over $450 million. By late September new ice was 

forming fast on.open water but on 27 September a narrow channel, about 
20 km Jong and 1-¢ km wide at its entrance, opened up inshore to Point 
Barrow where the edge of the pack was grounded in shallow water. 
At its narrowest point the obstruction was about 360 m wide and up to 
‘to m thick. Three USCG ice-breakers which were in attenda 
to break a narrow channel which allowed the barge convoy to pass Point 
Barrow, with Prudhoe Bay still 270 km to the east. Due to gales it sub- 
sequently became trapped inshore in pressure ice and it was six days before 
all the barges arrived. Because of the lateness of the season they were 
frozen in and some of the heavy modules could only be brought ashore four 
_months Jater when the sea had frozen down to the sea bed. ‘ 
5. THE FUTURE. Ship Design. It is probably fair to conclude that the 
development of Arctic navigation beyond what we see at the present time 
will depend upon significant design improvements and an increase in size 
and power of the vessels employed. The very high cost of such vessels can 
only be justified if they can be employed during a much longer season, 
ideally all the year round. The voyages of the Manhattan in 1569 and 1970 
provided data from which some intelligent conclusions may be drawn 
regarding the likely form these ‘vessels might take, and they also pro- 
vided the basis for believing that they could be operated successfully,’ 
The strength of the hull presents no special problems, and the structure 
necessary to resist both the pressure of the pack and the impact of the ice 
is well within the design capabilities of naval architects. The optimum hull 
form is a more difficult matter, and an important part of Manhattan’s re- 
search programme related to the strength of ice, and the manner in which 
it fractures, so that the most efficient bow and hull shape could be deter- 
mined. This isnot just a matter of breaking ice. The pieces can be many 
metres thick and, if they are not to impede the ship’s progress by jamming | 
either side of the bow, they must be displaced by the breaking action of 
the bow so that they are projected sideways and downwards beneath the 
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pack or pass beneath the hull. Much of this ice, some of it in pieces 
weighing many tonnes, will re-surface astern, having come up through the 
propellers and rudders. The after hull form, the protection provided for 
the propellers and rudders and their ability to absorb major and repeated 
impacts are matters for special attention. : 

While ice pressure is-not a major problem so far as hull strength is 
concerned it is a major factor influencing the power required for pro- 
ulsion. Not only does pressure make the ice-breaking process more 
difficult, it markedly increases friction along the length of the hull. 
Techniques such as bubbling air beneath the ice at the bow, or pumping 
ballast to induce rolling, can help to reduce the friction due to pressure. 

Determining the power necessary to achieve adequate performance is, 
perhaps, the most difficult issue of all. Resistance due to ice varies with 
thickness, pressure, temperature, salinity, snow cover and the extent to 
which ridging and old polar floes have to be penetrated, since they can- 
not be totally avoided. In the summer season ice-breaking is a matter of 
last resort and exploiting leads or loose ice not under pressure is to be 
preferred. Modern ice-breakers typically have a horsepower/displacement 
ratio of up to 3:1, but because of their relatively small size they can be 
brought to a halt in moderately heavy ice. Progress then depends upon 
repeated ramming, often with the bow climbing up on the ice and breaking 
it by a downward action. - 

While the mode of ice-breaking with much larger vessels is essentially 
similar, their mass is such that fracture occurs without much vertical 
movement at the bow. It. is of particular significance that for large- 
displacement vessels their momentum is such that the horsepower/ 
displacement ratio for comparable performance drops considerably. The 
Manhattan, for example, had 42000 s.h.p. and a displacement of about 
140900 tonnes, giving a ratio of 0-3:1 with which she achieved a very 
impressive capability in quite severe conditions. She did not, however, 
have the ability to operate successfully much beyond the summer navi- 
gation season, or to penetrate far into the permanent ice-cover of the 
Arctic Ocean. 

To achieve a significant operational capability in any but the most 
difficult areas, such as the Beaufort Gyral, might well require 150000 
s.h.p. and 300000 tonnes displacement. This of itself limits this type of 
operation to very large bulk-carriers. The power demand is likely to be 
very variable, depending on the conditions which, even in the depth of 
winter, could range from open water or thin new ice to heavy ridging; 
this would require multiple screws and the ability to provide a rapid and 
substantial boost to the base demand as necessary. An ability to provide a 
high percentage of power in reverse thrust is also essential, so as to be able 
to come astern if brought to a halt in heavy ice. This suggests that gas 
turbines might be attractive for augmenting the base load. Alternatively 
the total power requirement could be such as to make nuclear propulsion 


a contender. 


NO. I PRESID 


Examples of the former app 
and Polar Sea which have diese 
gas turbines of 60000 5.2, pie 

placement of 12000 tonnes ay 

pitch propellers to achieve a co 
thick. 

Apart from adequate hull | 
number of special features to e 
example, has enacted legislatio 
with a view to minimizing the 1 
hull be ruptured. This is espec 
very low temperatures inhibit 
elsewhere at sea; the adverse cc 
be both serious and of very lon 

One other issue of importan 
sense of being able to turn or t 
heavy ice under pressure. There 
of least resistance. Impact with 
example, might cause a consic 
which may indeed sometimes b 
concerned. Since the path broke 
wider than the ship’s beam, and 

scope for executing a turn will | 
could be very large. The Manhat 
which increased the width of the 
ability to respond to the helm. 
Ice Reconnaissance. While our 
immensely, an extension of arct 
means of observing and forecasti 
is widely employed, both long-r 
observing local conditions. Visu 
siderable limitations, however. 
bility is adequate, and results are 
of research is being carried out to 
surface profile of the ice, its ter 
buticn. These include side-looki 
lite-mounted cameras and scanr 
satellites orbit makes resolution 
floes difficult to achieve, but the 
quantities of more general infor 
positional accuracy which Navstai 
mit aircraft to carry out very p. 
shipping and this may prove to kb 
expensive resource, particularly 
visual light are employed. ; 
Submarines. In view of the num: 


1 eav ste siz, and Siegert 

3 tes aitgy torn Jo 2b0ieup 

ich othee eda lagrangieor] 

ve: tue qvina 03. Heagiis fi 

| a yan sindbis grigefidl 
ny gE. Pe LS 

aie 


on 


Ley Ray ads J VORA 


iq nisi to Sete appt eit? lo dod het ala aiearad iri v0 aon 
Nuit) aly anes Sais 1 cen ose (ile eontiol vient 
an evi aide 3 siege ‘ wit itinal safes oT pate vrai 6 axail 
V ben tout Saad it 7-7 ihe aaah be nobhuy bon evellee 

s visneden 15 Ae 10) “yotenr 276 23 as 


{ besa py Cypeers. © Done a STUER SDE alil¥ 
wera + Sioupotnt wetoal told é 3t at hs ie: 
rt de ote dl oft saeari q @sob ‘4 (lao #0. . 
Perrivyh - beat 4 isnt 2seestool yibstisen xi 
ogee $ Ge : stead ay goil idud 26 flow soup 


Rad) owl at-ale of res _oillor sovbat ot 
KURO wevitos ef «e2egon 1a wer oilt goin T 
«ly garni i fle lo sueat tlooflihteont sit val 

> Wrrsie . ot ine wwe fat Tea: | é 
tresses carl evo! yak og ble bre a shiv 
d-35) ani nme ott al .bobtews yee 

* ‘sphere pipe 19 <hesl gnBio! qxs bad = 
sical a ovat vies a ‘yveowl-soi ri9bOM. BE 
ray st 4s tt le esuease tude, rif wm 

ai tcaaieelitien al tied wo 
A lat J ) yrrainiin vod al Niw ootle -gritate 
. mona aw 


) +a ic! eNT it chai ; uidnard 991-10 «bom sia 


i 2 


oes 


‘ 1 tw etesoo ayutostl ted douse al econ 
dfuvitisq to at cl .wed am 
1 jeri we 2h raisin $i) 10071 tio? shsweee Set: j 
aml: sonar hes oq cldsisqmios tot eiter Ie 
ib « hos .q.die cootp bed iqrisxs naly 
; foisie std 35; lo OUST & priv) 


| i ihuo> sivas ofiutp ti ie ay 
yoveyire . 1s ity cj : ri (ils ot OF 2 sie? oqo 03 yilidy il 


insnsmniad oft cin wal. SIRT SNH gi 30 cH 


1erIge ieicaonnta « ovsitt 


tamed lilacs ? 
~ w ulin Jor Aoluss att aioe aaa 
(yb ain rail User We ait .ta2 sonlgeih zannod bodonz bag 
yiswil cl bonemh sewey oll Jerstrpco tind 
nh) oe Leah add ni cove ubsitt enobibnos off mm gai st 
iobes teed? of soi wer ond 16 *sIaW4 n9qQ riot! 


an ble cob ov of ysilide i ails f Wik WSIS slegisivert ont pei 
t obtirrve ¢ i Heit nls Wines ery cA bacmab oead alt ot 3 : ” Ly 
white of at ede leltaered oele ei deururta se1ave1 n tow Tox grins 
hy Jack) het et met sil event sil Med « ot sigue vv 5 ets a 
vere 
a oe ‘af wn Fai meg tot pebomace-ae ad 1 
es eat en foc 3d blood tnsensaiuges x90 


og ta: be, 


Co a 
ua 3! 7 


is 


NO. I PRESIDENTIAL ADDRESS re 


Examples of the former approach are the USCG icebreakers Polar Star 
and Polar Sea which have siege) electric propulsion of 18000 s.h, .p- plus 
gas turbines of 60000 s.h.p.®* This is very high power indeed for a dis- 

lacement of 12000 tonnes and it is transmitted through controllable- 
pitch propellers to achieve a continuous speed of 3 knots through ice 2 m 
thick.” 

Apart from adequate hull strength, an arctic vessel will require a 
number of special features to enable it to operate safely, and Canada, for 
example, has enacted legislation which sets structural standards, largel 
with a view to minimizing the risk of environmental pollution should the 
hull be ruptured. This is especially important in the Arctic because the 
very low temperatures inhibit the processes of degradation which occur 
elsewhere at sea; the adverse consequences arising nee an oil spill could 
be both serious Bal of very long duration. 

One other issue of importance is manoeuvrability, particularly in the 
sense of being able to turn or to steer chosen courses when penetrating © 
heavy ice under pressure. There will always be a tendency to follow paths 
of least resistance. Impact with the edge of a large floe on one bow, for 
example, might cause a considerable change of heading very rapidly; 
which may fideed sometimes be beneficial, so far as forward progress is 
concerned. Since the path broken in the ice at the bow will not be much 
wider than the ship’s beam, and will quickly close if under pressure, the 
scope for executing a turn will be severely limited and the turning circle 
could be very large. The Manhattan was designed with a shoulder forward 
which increased che width of the path broken in the ice and improved her 
ability to respond to the helm. 

Ice Reconnaissance. While our knowledge of arctic ice has improved 
immensely, an extension of arctic navigation would benefit from better 
means of observing and forecasting ice conditions. Aerial reconnaissance 
is widely employed, both long-range and with shipborne helicopters for 
observing local conditions. Visual rd photographic methods have con- 
siderable limitations, however. They can only be employed when visi- 
bility is adequate, and results are not always easy to interpret. A great deal 
of research is being carried out to develop sensors capable of measuring the 
surface profile of the ice, its temperature, its movement and its distri- 
bution. These include side-looking airborne radar and lasers, and satel- 
lite-mounted cameras and scanning-radiometers. The height at which 
satellites orbit makes resolution adequate to distinguish individual ice 
floes difficult to achieve, but they are capable of providing considerable 
quantities of more general information at frequent intervals. The high 
positional accuracy which Navstar will provide in due course should per- 
mit aircraft to carry out very precise ice surveys in areas required by 
shipping and this may prove to be an economic means of ernploying an 
expensive resource, particularly if sensors which are not dependent on 
visual light are employed. 

Submarines. In view of the numerous under-ice voyages by submarines, 
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some consideration is necessary as to whether they can have a role in 
arctic navigation of a non-military nature. They are the only marine 
vehicles to which ice is no impediment so long as water depths are 
adequate for them to pass safely beneath, At the end of the 1960s serious 
consideration was given to designing a very large submarine tanker and 
there is no reason to doubt this is technically feasible. Being a liquid, oil 
can be accommodated in cargo compartments outside the pressure hull, 
which simplifies design. Even so the cost would have been very high and 
other problems, such as the acceptability of nuclear propulsion and the 
lack of deep water off the Alaskan coast, caused the idea to be dropped. 

Routes. It seems probable that two distinct types of route are possible. 
‘The first is the deep-water route which favours the development of the 
large powerful vessel capable of independent operation. The second is the 
shallow-water route requiring smaller, less powerful vessels operating in 
convoy and with ice-breaker assistance. Only the latter type of operation 
exists at the present time, but on both the Russian and the Canadian sides 

of the ocean consideration is being given to the employment of larger 
vessels. 

A major constraint for the Russians is the depth of water available, both 
along the northern sea route (particularly if advantage is to be taken of the 
open water passages which develop in coastal waters in summer) and in 
the entrances to the major rivers. Reports suggest that a novel alternative 
is being considered in the form ofa vessel designed to carry eighty lighters 
of 450 tonnes capacity. This would be a moderately large vessel, of 
perhaps 40000 tonnes cargo capacity, which could operate in deeper 
water until the destination was reached. The barges would then be 
launched and taken into port by ice-breakers. 

The shallow water which exists off the Arctic coast of Alaska poses even 
more serious problems, and the lack of harbours of even moderate depth 
was one of the main reasons for adopting a pipeline to the Pacific, rather 
than an arctic tanker route to the Atlantic, for the export of crude oil 
from Prudhoe Bay. Proposals to construct offshore terminals were de- 
veloped but they would have been twenty miles of more from land to 
achieve an adequate depth of water for large tankers, and surrounded by 
heavy pack-ice for most of the year. Furthermore, the submarine pipe- 
lines necessary to supply such a terminal are vulnerable to damage by 
grounded ice, as can be seen from the numerous and often deep trenches 
scoured by ice in the sea bed. 

The situation is different so far as north-eastern Canada and the Arctic 
islands are concerned. Deep water exists in Baffin Bay and major channels 


such as Lancaster Sound, and ship designs are being developed for the 
These vessels will be required to 


export of natural gas and iron ore. 
hat less severe than that of the 


operate in an ice environment somew 


Arctic Ocean, as it comprises a high proportion of one-year ice in winter | 


and is less subject to very heavy ridging. Recent reports indicate that 
proposals to build some very large ice-breaking natural gas carriers are 
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well advanced. They are to be 335 m long with 150000 s.h.p. gas turbines 

and will have a cargo capacity of 140000 m*. When completed. in 1985 

they will operate the year round, from Melville Island to the east coast of 

Canada, If they are successful they will give a clear indication of what is 

necessary to achieve a genuine arctic capability — to navigate, for example, 

from open water at Spitzbergen via the Russian side of the Pole and on to 
the Be ring Strait. 

It may reasonably be asked why such a voyage should be attractive, as it 
seems unlikely that the greatly reduced length of the near great-circle 
route from Europe to the Pacific could offset the very high cost of an 
ice-breaking cargo ship. It is worth noting in this context, however, what 
has been oiler by the Russians in ot years. In 1977 the ee ice 
breaker Arktika made a successful voyage to the North Pole, leaving 
Murmansk on 9 August and returning on 23 August, having covered 
3852 nautical miles in 14 days at an average speed” of 11-5 knots. How 
much of this was through ice is not clear as the initial leg of the voyage was 
from Murmansk to the Laptev Sea, but the Polar Record made the following 
comment: 


The ice encountered, though very heavy in places and reducing speed to two 
or three knots, gave less trouble than had been expected, and only seven and a 
half days, rather than the expected 15, were spent in ice. A striking difference 
was noted between the ship’s ability to break ice, of whatever age and thick- 
ness, in summer and its ability to break it in the winter. Extensive air re- 
connaissance was available, and a tearm of ice forecasters was on board. 


Following this voyage it was announced that.a cargo ship and an icebreaker 
would’ make a high-latitude voyage the following summer. The ice- 
breaker on this occasion was Arktika’s sister ship Sibir, and they left 
Murmansk on 25 May 1978, at which time of year ice editions would 
still be severe. The ostensible reason for the voyage was to demonstrate 
that year-round navigation along the Siberian Cont with icebreaker 
escort was possible, and to examine the feasibility of the direct route 
across the Arctic Ocean, which is about 1300 km shorter than the coastal 
route from Murmansk to the Bering Strait. They passed north of the 
Novaya Zemlya and Novosibirskiye Ostrova, then south of Ostrov 
Vrangelya, to reach open water in the Chukchi Sen on 13 June: the cargo 
ship continued her voyage alone through the Bering Sea. The Sibir re- 
turned to the Barents Sea where she arrived on 5 July, having serviced a 
drifting i ice station en route. 

Whatever the real purpose of these voyages, they demonstrate a 
considerable ability to force ice, and support the view that a major 
extension of arctic navigation is not only possible but likely. The re- 
sources of the Arctic are such that it is only a matter of time before we 
see cargoes being moved on a scale which seemed incapable of achieve- 
ment a decade ago. 
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